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Nndeic Acid Detection 

5 Field of the ftnveicrtioji 

This inventioa relate to a metibod for the ddtecidxm of nucleic acids fiom 
biological Sdxoplos. The mvcntioxL also idates to a diagnostic test kit ibr detecting 
nucleic acids and primers and probes for use in the detection -method. 



10 Background of the inventton 

Seym Acute Respiratoiy Syndioine (S ARS) is a newJy identifLed form of 
atypical pneumonia in humans CDrosten aL, The New Knglsinid Journal of Medicine, 
10 April 2003)* It is hTcely caused hy a new strain of coronaviius Ouiown as the SARS 
conmavirufi or Urbani SARS-associated coronavirus). The virus is eflBcienfly spread 

15 by aerosol and person-to-person contact has been demonsiiated. A diagnosis of 
suspected or probable SARS is made by following WHO diagnostic criteria as 
specified in Case Dejinitionsfor Surveillance of Severe Acute Respiratory SlynAvme 
(SARS) (World Health Oiganizatioii, as revised on 30 April 2003). However a 
positive diagnosis of SARS cannot be made without identification of the aetiological 

20 agent, either by demonstration of the presence of antibodies to Ifae novel coionaviras 
or by demonstration of the presence of coronaviras micleic add in patient 5an5>Ie5, 
The course of the disease can Lead to irreversible lung damage and a mortelity of 5- 
10% in confirmed SARS affected patients has been vepoited. To limit the severity of 
the disease it is iirqioctant to identify infected patients as soon as possible in order to 

25 initiate prompt treatment. 

The most commonly used methods to identify viral iiifections are identification 
of antibodies in patient serum samples by standard serological methodSp including but 
not lixoited to agar gel immunodifEjsion (AGID) or enzyme-linked immunosorbent 
assay (ELISA). These mettiods are limited as it days after infection for 

30 antibodies to be jModuced in sufficient concentration to enable accurate and sensitive 
detection. Culturing the virus in susceptible cells in vitro is also a well-established 
method for detecting wus. However the coronavirus associated with SARS is a 
novel entity and optimum growth conditions have not been described. In addition, 
growth of the virus requires a high level of biosecuriiy, as* the product of the assay is 
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intact iidbcticros vims. HLghly skilled staf^ equipmeiit and fecilities arc thetefiae 
reqnired, wbich limits fliB suitability of flus technique for routine diagnostk use. In 
addition, the Sn>w& of the virus may be too alow to caiable detection in sufficient lime 
to initiatB prompt treautient Tylplecular methods, based on the anq)]ificatian and 
detection of the virus genetic material, have previously been desoibed for many 

pathogenic viruses and are appEcable to the detection of the SARS commvi^ 
Nudaic acid aii^lifin^tiqn methods in gatend. are rapid, highly specific and senative. 

Many differeait types of xnickic add anqilification process have been described 
(e.g. palymerase cdiain rractfou (PGR) foflowed by agarose gel electrophoresis, nested 
PGR, real-timB TaxpnzcP PCR, molecular beacon PGR, nucleic acid sequence-based 
an^lificadoo (NA^A)» isothemial and chimeric primer-initiated an?)lification of 
nncldc acids aCAN), and so forth). PGR followed by gel by electrophoresis (also 
knovm as conventional PCR) is a standard technique that was first described in 1985. 
It has since become a routine laboratory procedure. It is howevei^ relatively slow and 
labour mteasive. In addition, compared with more recent developmenis conventional 
PGR has a lower sensitivily. Nested PCR followed by gel electrophoresis is a 
technique that increases the sensitivity of conventional PCR. Nested PCR involves the 
fust anq>lification of a specific genetic sequence, usuig a particular pair of DNA 
oligonudfiotide primers (outer primers). The product of this amplification is used as 
the teraplale for a second round of amplilicalian in which anodier pair (xf primers 
(inner primers) are selected fiom a region within the ihst anqdificatlon product The 
second amplification product is thus shorteT dun the fiist amplification product This 
me&od is very laborious as it involves an additional amplification step. Consequently, 
this method is easily contaminated. Ahighly automated mediod temied *eal-time PCR 
(RT-JPCR) has proven to be a highly specific and user-friendly technology hut 
occasionally may have a lower sensitivity tiian nested PGR. RT-PCR inooiporates the 
use of an additional t>NA oligonucleotide molecule labeled at one end with a 
flunresocnce absorbing moiely and at tiie otiier end by a fluorescence emitting moiety, 
wiiidi hybridises to a region of the taiget gene between tiie DNA oligonucleotide 
30 primiss. Hk* IsbsUsd molsculs is knowa as a flcGTogsnic probe. As tiss gmpiificsdon 
process continues the fluorescence signal increases due toi the displacement and 
degtadation of the flwrogenic probe by the advancing DNApolymerase enzyme. 
Convesntioiial PCR, nested PR and RT-PCR alone may not be sufflcieutiy^S^rS^' 
sensitive to detect the SARS coronavirus in a wide ranpe nf noHAnt «amni>w r^ i« 
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thegrefisre desirable to improve tiie diagnosis of SARS by detecting a specific poition 
of the nucleic acid of the SARS coionavirus by an amplificatioii t&chniqae that 
combines high sensitivity, hi^ specificity and speed. Tbis is best achieved by a novel 
cambin^on of standard nucleic acid an^lification tedmiqaes. 
5 It is to be und^stood that this inventionis not limited to the detection of SARS only 
and is applicable to nucleic acid detection in general. 



Object for the invention 

It is an object of this inveotion to provide a hi^ily sensitive miefliod for 
10 detectfaig nucleic adds^ including the SARS coTOnaviius, such Ifaat a person in the 
early stages of infection can be identifLed. 

It is also an object of this invention to design a user-friendly diagnostic kit to 
detect the nucleic acid 



15 Snmmarv of the Inventjon 

The pxes«t invention provides a Mt for detectiz^ SARS coionavirus that includes: 
a nucleic acid replicating agent for replicating a: target molecule, wherebi fbe target 
molecule includes » nucleic add sequwce containing at least a portion 
complementaxy to the SNA sequence of the SARS coionavirus; and 

20 a nucleic sdd rq^hcatn^g and detectmg agent £^ ampli^ing die replicated taiget 
molecule and detecting the implicated product during axnplification. These agents 
include a pximer set that can amplify -the rq>licated product and a fluorogeuio probe 
that is ^nuplementaty to the aixqplifiedproducL 



25 The present mvention also provides a process &r the extraction and detection of tiie 
SARS coronavims nucleic acid from various biological ox environmental samples, 
which comprises the following steps: 

(A) Collecting a sample that is suspected to contain tlxe SARS coionavirus: 

(B) Extracting the ribonucleic acid (RNA) fiom the collected sample 

30 (Q Amplifying specific target sequeaces using RNA/DNA amplification 

technology 

(D) Detecting tbe taigei amplified nucleic acid products using DNA amplification 
te^duiology and a suitable leporting system such as flwsrogexnc probes^ 
including Taqman*" probes or molecular beacons. 



* 
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According to a first asfpect of the inventioB, ttiere is provided an isolate IdNA 
Sequeme cxnoprisiiig any of SEQ E) Nos 1 to IS. 

According to a swond aspect there is provided an isolated DNA sequence conqnising 
any of SEQ ID Nos 1 tx> 15 foruse inDNAanaplification as aprimfiror as a 
fliiorescently labeled piobe. The primer or probe may consist of any of SEQ ID Nos 
1 to 15. 



10 Aocoi;di»g to a third aspect of the mvention, thrae is provided method fornudeic acid 
detection coxrrprising the steps of nucleic add isolation followed by DNA 

subsequently Real Time PGR. Preferably, the 
method compiises Ifae following st^s: 

i) extracting the nuci eic add fiom a biological or environmental sample; 
15 and 

iO aiiq>lifying the nucleic acid using FCR; and 

iiO ampli^nng and detecting Ihe nucleic acid produced in step (ii) nHwig Real 
limePCEL 

20 Still further aspects of the invention relate to an isolated DNA sequences conquisine 
SEQ ID Nos 1 to 15 for use in a method ofdetertipg nucleic acids and tiae use of flie 
isolated DNA sequences comprising SEQ ID Nos 1 to 15 in themamifintore of a 
coDspositian &r use in a method of detection of nucleic acid comprising the steps: 
j) extzactiiig &e nucleic add &om a biological smrpl^ and 
25 iQ ampIL^ing the nucleic add using PGR; and 

ill) ampHQring and detecting the nucleic acid feom stq) (ii) using Real Tfaio 
PGR. 



The nucleic acid to be detected is preferably derived from SARS coiooavinis KNA or 
30 cDNA. 

A stni fiiTiiiOT aspect of fli© invention relates to a SARS diagnostio test kit comptisiiig 
two or more isolated DNA sequences conrespcmdias to SEQ ID Nos. 1 to 15. 
Pteferably, tbe diagnostic test kit comprise the following.piiBiet sets a) SEQ ID Nos 



l»2or3 and4,Sor6a]idb)SEQIDNos7,8or9aadlO, 11 or 12 and a probe 
selected &om SEQ ID Nos 13, 14 or IS. 



AdditionaJly, the diagaostic test kit fin* detecting SARS cOTOnaviiu3 in a biological or 
5 eDviroiimeDlBl saniple comprises: 

(1) aa isoktiag agent for isolating &e SARS ooronavims RNA from die 
saonple; and 

(ii) a nucleic acid rqplicating agent for replicaling a tacget molecule^ 
wherein tbe target moLeoule iaeludes: a nucleic acid sequmce 

10 complementary to at least a portion of the RNA sequence of SARS 

coxonavims; and 

(iii) . a nucleic adid detecting agent for detecting the taigpt molecule, 

wherein ti^ nucleic acid detecting agent includes tiie detection 
molecule. 



IS 



Brief description of the drawings 

A preferred embodiment of this invration will now be descaibed with 
reference to the following figures: 



20 Figure 1 shows a flow chart of the overall method of the detection of SARS 

coronaviirus according to a preferred embodiment of this invention^ 

Figure 2 shows the method ibr the isolation of SARS coronavims and its 
conversion to complementary DNA (cD]MA) by a preferred enibodiment of this 
invention. 

25 Figure 3 shows die amplification of aportion of the SARS coronavims cDNA 

molecule by two DNA molecules, primers A and B» and tbe subsequent use of the 
mnplified product as a tBnq>late for furthor amptificatioga by two DNA molecules, 
primers C and D, with detection and quantification ejQEected by probe E according to a 
prefezxed embodimeni of tins invention. 

I 
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Figures 4 shows the nucleic add sequences corresponding to SEQ ID Nos.l- 

15. 



PetaHcd dcscri ptioii of preferred gmhodimenfa 
5 The present invenlion provide a sensitive method for detecting nucleic 

acids, such as the SARS coronavkus RNA or cDNA hi biological and enviionmental 
ssEoplea. Such biological sanq)les induds blood, spatuin, seniin» plaona, 
nasopharyngeal swabs, oropharyngeal swabs, urine, stools, other body fhnds; and bIso 
emdroGmiaital aansples such as water, sewage, waste mfttft w^is a^d so fortli. 
10 P<^«»d:Real*KmePCR0lT PCJR) are techmqneswdl known M 

PCR. may Tise fluorescent quantificHtion but is not limited to fluorescent quantification 
only. RTPCR encoanpases, for example, the use of an additional DNAoligonucleolid© 
molecule O^eftaxedherein as the probe) preferably labelled at one end wife a 



fluorescence absoibing moiety and at the other end by a fluorescence emitting moiety. 
15 The additionaltDNA oligonucleotide hybridizes to aiegiain of the nuclac add of 
interest between the DNA oUgonucleotid© jftinieis. Hence, the signal generator may 
be a flnorogenic nnolecule, a molecular beacon or another molecule that can be 



stimulated to emit pthotons that can be detected and quantified in a suitable detector. 
Prefenred embodiments of this invention ax& now described with leieccsace to 
20 the figures. 

Table 1 contains the reference numerals used in ifae figures 1 to 3. 



Table 1 




Number 
10 



12 



14 



16 



18 



20 



Single-Stranded SARS coronaviras R NA 
Chromatography column 



Mixtaie of isolated nucleic: acids 



Complemeiitary DNA (cDN A) 



PrimerA 



Primer B 



22 



24 



Extended primer A 



26 



Extended primer B 



EX06s$ double-stranded product 




Exc»s double-slranded produot 



The coticontration'of SARS coronavirufi in a biological sample, fbr eKacq^le an 

orophaiyngeal swab, may be very low such tbat detection of ilie presence of SARS 

coronaviius viral RNA may m5t be pearifoxnjed on fli© biological sample directly. In 

ordea- to iticrease the number of the viral RNA molecules to a suflBcient amomrt for 

detection putpo$e^ a suitable amplification technology is required. The polymerase 

chain reaction (PCR) 15 kaovm to be a flexible technology with particular use for the 

an^lificalion qf DNA- Conversion of RNA into DNA allows the PGR process to be 

extended to cover pathogens with a RNAgencmie, such as the SARS coronavinis. The 

airrplified DNA molecules may then be detected by suitable technology. Real-tfane 

polymerase chain reaction (RT-PCR.) with fluorescent quantification is aiapid, hi^y 

sensitive and highly specijBc meflxod for the detection of DNA and may be applicable 

to detection of the SARS coronavirus nucleic add. Results can be obtained in as litfla 
as three hours. 

The SARS coronavixps contains its genetic material in Che form of a smgle 
strand of libonucleio acid (RNA, 10). The viral RNA contains the genes nacessaiy for 
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ts repiDductian and one of Ibe ess^al genes is called polymerase. TTiis gene is 

qiproximately 2800 xmdeotid^ in length, -with tiie nucleotides numbeied fiom &e 5' 
end of the molecule. 

Figure J shows the overall procedor^ jfcr tibe detection of SASS awonavinis 
5 by the diction kit M shown m Figure 1, the target SARS coronavirua vital meleic 
acid molecules, which are m die fbtm of a angle strand (^SNA, are firstly extracted 
from a biological sample. The compadble biological sarnple ^es may iwrfu de blood, 
serum/plasma^ peripheral blood monoiiuclMr ceHs/peorqiheral blood lymphocytes 
(PBMC/PBL), sputum, ttrine^ ikeces, throat swabs, dermal lesion swabs, cerehiosDmal 
10 fluids, cervical smears, pxis samples, feod mabic^ and Hb&obs fiom various parte of 
the body including brain, apleeo, and fiver. Ofher samples that have not been listed 



may also be ^licable. An isolating agent accomplishes the nucleic acid otracti 



I r4 1 1 



process of tiie detection kit of this invention. 

After the taig3t SARS corcmavirus viral RNAmolecnles (10) axe extracted 
from the biological sample the amount of RNA molecules in the sample may not be 
suflBcicaat to be detected. Thsrefore, a pordon of tlie SARS coronavirus viial RNA 
molecule is replicated to a target nucleic acid molecule by an appropriate 
anipIifiGaiion technique, for example, polymerase chain reaction (PGR), The target 
nucleic acid molecules may then be detected by suitable methods. 

After the overall procedures of the detection kit of the invention 
details of each procedure mil now be disciissed 



die 



The SARS CQronavinis vkal RNA molecules (10) maybe isolated from the 

' ■ ■ ... 

biological sample by ^iyuag a suitable isolating agent to the biological sample. 
Preferably, a lysis agent may be applied before the isolating agejit The lysis agent, for 



25 ex£ 



iiiii 



ple^ a lysis buffer, is responsible for dissolving the proteins and lipids, and 
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denaturing the protons in the biological sai^Ie such that these materials may be 
removed from the saxiq>le more easilyi Furthermore, the lysis ageaat may also serve as 
a buffer for stabilisii^ the RNA molecule for long-term storage purposes. As shown in 
Figure 2, the RNA molecule may be stable in the lysis bufifer for up to 48 hours at 
5 room t^nperatore and may be stored indefinitely at -70^C, The advantages for doixig 
$0 IS that it may not be necessary to perfcom the analysis at the sampbng sit^ which 
may not be smitable flsr caziying out such jxrocesaes- 

An example of suitable lysis buffer may include 5M goaniduie flhiocyanate 
andTris^CL Suchily$i5 buffeis are weU known in the art Lysis agents having 
10 different conq>ositions that can still achieve the purposes of dissolviixg ]>ioteins and 
lipids, denaturing pratesm^ and stabilising 1b& KNA molecules may be utilised in the 
detection kit of this invention. 

After the lysis agoit has been applied to &e biologica] sample^ the ne^t step is 
the isolation of the nucleic add molecules &om the sample through the use of an 
IS isolating agcoli Figme 3 describes the overall isolation procedure in the detection kit. 
After the lysis agent is applied to the biological sample, nucleic acids together with 
other unwanted components are in the form of a solution. This solution is dim qqplied 
to a small chromatography column (12) Aat has a high afBnity for nucleic acid. The 
non-nucleic acid componexits are removed from the colunm by washing. The nuoMc 
20 acids can then be specifically eluted from the columix with a suitable eluent. The 
nucleic acid purification process described here is well known in the art 

After ^e nucleic acids contained in the sample are isolated^ an amplification 
agent may then be applied to the mixture of nucleic acids (14) such that Ihe SASS 
coionavirus viral KNA molecules are converted to conqilementary DNA (dDNA) (16) 
^^•^n,i«|rt^,%i25 copies by use of BBS €fi2yme reverse transcriptase. This process is well known in the 

r'-^^ncsfsss. . ■ , 
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art. After conversion to cDNA, a portioa of the SARS coronavirus genome is 
icplicnted for detection pxnposes, for example by the PCR technique. To enhance Oie 
sensitivi^ of the detection process, the products of the PGR reaction are used in a 
Ihrther aropJification process, namely the RT-PCR process. Five purified and isolated 
5 DNA molecules are designed for tiie an^ylification puipose, which are tenned primeni 
Ato D and probe £, respectively. 

Figiirc 3 diowB a schenrotio diagramfisrth© an^lificaiitm of t^^ 
coronavirus viral RNAby a combination of PGR and RT-PCR. As shown in tiie 
figure, Uie an^jlification process is initiated by the amiealing of primers A (1 8) and B 
10 (20) to flie target SARS coronavirus viral cDNA (16), wMch has been rendered into a 
ainglB-stranded fonn by heating to 95«C. The primers A and B are designed such that 
they are enable of binding to &e taxget cDNA molecule. The precise location of 
binding depends upon liie strain of virus examined. The bu 



site may changie after 
a certain period of time. The ingpoitanttechmoal feature of piimers A an^ is that 
15 fliey remain eapabls of binding to a portion of the SARS coronavirus viral cDNA, 
respectively. 

Accordingily, primers Aand B include a binding sequemcc encoding a DNA 
sequence complementary to at least a portion of SARS cowmaviius viral cDNA. For 
the puiposB of fliis invention, it is found that Ihe region suitable for the binding of 
20 PrinierAto the SARS coronavirus viral lOiNAisaregionbetivee^ 18319 
to 18338 of the polymerase gene of the SARS coionawius, which is found to contain 

**^'^'™"^^<'f^"cIeotides for the binding fimction. The 

these studies is SARS cotonaviras HKUt.39849. GanBanfcAccession mnnber 
AY278491. IhereforB, the bindmg sequence of primer A preferably includes a DNA 
25 sequence that is compl^enlaiy to regionbetween nucleotide 183 19 to 18338 of ttie 



» 

11 

poLymetaBe gene of Oxb SARS ooranavirus, is set forth in SBQ ID No« 1 in 
Figure 4* It should be wtedtticitSEQE) No. 1 is formally written in the 5"-3' 
. direotioiL As aresult, the orientation of binding wifiiresp^&ct to the viral gens is fioin 
"back^ to ''ftonlf\ 

As an akcmalive, nucleotide to 18382 (SBQ ID No.2, Figure S) or 
nucleotides 18404 to 18386 (SEQ ID No3, Figure €) of thepol>rmerase gens of 
SARS cOTonavixus may be used for the bhxding purpose m primer A. 

Far the purpose of this invention, it is found diot tiie region suitable &r the 
binding of primer B to the SARS coronavirus viral cDNAis a region benveen 
nucleotides 18157 to 18179 of the polymerase gene of the SARS ooronaviius^ which 
is foimd to contain the least number of xuicleotides for the binding function- The type 
organism used in these studies is SARS coronavirus HKU-39849» GenBank 
Accession number Ay278491. Therefore, the binding sequence of prim^ B 
preferably includes a DNA sequence that is complementsiy to region between 
nucleotide 1 8157 to 1 8 1 79 of the polymerase gene of the SARS coronsvirus. which is 
set forth m SEQ ID No. 4 in Figure 7. It should be noted that SEQ ID No. 4 is 
fbimaUy writtea in the 5'-3^ direction. 

As an alternative, nncleotides 1812S to 18144 (SEQ ID No.S, Figure 8) ox 
nucleotides 18103 to 18122 (SEQ ID N0.6, Figure 9) of the polymerase gene of 
SARS coronavirus maybe used for the bindmg purpose in primer B. 

Aflertfaeprimers A andB bind to the SARS cwonaviros viral cDNA, the 
primers A and B are esctended through the action of a suitable polymerase^ for 
example lag DNA polymerase, in the piesexLce of suitable nucleotides at the 3' end of 
primers A and B. Therefore, an extended primer A (22) and B (24) including the 
following sequences results: 
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(a) a DNA sequence Ihat is camplemeutary to a portion of SARS coronavirus 
viral ftNA. 

By applicadoai of a suitable anjplificatioii program the SARS coionaviius 
cDNA can be conveited into an excess of double-si 



led DNA product (26). A 



S suitable amplificatjon program is: 



llnitialStep 


5(yC.2niiii 


DNA Polymerase Acdvation 


95°Cf 3-5 miti 


40 Cycles 


PS-'C, 30 sec 




SpoC. 45 SBC 




Ti'C. 15 sec 



To acliievftllie detection purpose, the amplified double-stranded DNA ptodiict 
(26) of the first ECRfifl used as the t«anplate &r a further an^lificalion udliziflg KT- 
PCR. pTOferably^Taqmaa* quantitative real-time polymerase diain leaction. Before it 
can be used as the tempJate for further amplification the «:pKcated DNA must first be 
diluted in a suitable fiqoid in order to maximize tb» efficiency of the subsequent 
amplification process. Suitable diluents fisrthe replicated DNA molecule inchjdc 
nuclease-firee water or bu£[«r. A suitable ampMcatian program for the KT-PCR 
process is: 



initial Step 


50^C, 


2min 


DNA Polymerase Activation 


95*C, 


lOmia 


50 Cycles 




15 sec 




72*C. 


Imin 



The degree of amplificalion cm be monitored auttomaticaJly in suitable 
equipment, e.g. ABI Prism 7700 genetic detection systan. 

AmpUfieaiioa by KT-PCk. requires two DNAoIigonuoieotide pnmte (pamer 
C (28) and primer D (30)) and a fluocogenic probe (E, 32). 

For diie pmpi)8ir!rrifiS1nvBntion, it is found that liie region suitable for the 




'03 X9:Q3 FAX 



13 

biudmg of pximer C to the SARS coionavirns vital 6^ 

region betvveea nucleotide 1 8264 to 1 S24S of the polymerase gene of the SARS 
coionaviius, which is found to contaia the least nixmher of nucleotides for the btading 
fiuxction. The type organism used in these studies is SARS coronavirus HKU-39849, 
5 OenBank Accession number Ay27849 1 . Therefine, the binding sec[iLBiice of primer C 
pre&TBbly includes aDNA sequence that is con^lementairy to legion between 
nucleotide 1 8264 to 18245 of the polymerase gene of Ihe SARS cojonavirus, Mlaioh is 
set forth in SEQ ID No. 7 m Figure 10 It should be noted that SEQ ID No. 7 is 
formally written in fiie 5^-3* direction. As aiesult, fhe orientation of binding with 
10 respect to the viral gene is &om ^"back" to ''fronf \ 

As sal alternative, nudeotides 1 $295 to 1 83 14 (SEQ ID No. 8, Figme 11) or 
. Tfucleotides 1 8322 to 1 8304 (SEQ ID No. 9, Figwe 12) of the polymerase gene of 
SARS coxonaviros may be used for the binding purpose in primer C 

For the purpose of this invention, it is found that the region suitsble for the 
15 binding of primer D to ttie SARS coronavirus viral cDNA amplification product is a 
region between nucleotides 18193 to 18211 of the polymerase gene of the SARS 
coronaviiusj which is found to contain the least number of nucleotides for the binding 
function. Ihe type organism used in diese studies is SARS coronavirus HKU-39849, 
GenBank Accession number Ay278491. Therefore, the binding sequence of primer D 
20 preferably includes a DNA sequence that is complementaiy to region between 

nucleotide 18193 to 18211 of the polymerase gene of the SARS coionavirus, which is 
set forth in SEQ ID No. 10 in Figure 13. It should be noted that SEQ ID No. 10 is 
finmally written in the S'-3" direction. 

As an alternative^ nucleotides 18219 fo 18336 (SEQ ID No. 11, Figure 14) or 
25 nucleotides 1 8205 to 18220 (SEQ ID No. 12, Figure 15) of the polym^ase ^e of 
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SARS coronavirna may be med for the binding pnipose m primer D. 

For the puiposB of this invention, it is fomid that (he region su^ 
binding of probe E to the SABS coiDnavinis viral oDNA amplijBcation product is a 



region betwsai nudeotides 18217 to 18234 of the polymerase gene of the SARS 
coronavirus, wldch is found to contain the least number of nudeotides for the binding 
function. The type organism used in these studies is SARS coionavtros HKU-39849, 
GenBank Accession number AY278491. Therefiire, flie bimiing sequence of probe B 
preferably includes a DNA sequence that is con^lBmaitary to region between 
nucleotide 18217to 18234 of the polymerase gene of the SARS coronavinis, nvMth is 
set forth in SEQ ID No. 13 in Figure 16. 

As sn alternative, nucleotides 18241 to 18260 (SEQ K) No. 14, Figure 17) or 
nucleotides 18228 to 18246 (SEQ ID No. 15. Figure 18) of the polymacase gene of 
SARS ooronavirus may be used fin: the binding pwposa in probe B. 

The pximers C and D catend from the 3 ' end via the action of a suitable 
15 enzyme, e.g. Taq DNA polymerase and added nucleotides to fetm a double-stcanded 
product (34). During the ampUfioation, the probe E is displaced and degraded by the 
luclease action of the DNApolymerase enzyme. This results in an increase in the 



fluorescence signal vMiOi can be correlated to the degree of amplification and hence 
to the concentration of amplified product The product of the RT-PCR anqjlificaJion 
20 process is thus a large quantity of target DNA molecules each containing the 
fbllo wing DNA sequences: 



(a) 



a DNA sequence oono^lemeutaty to aportion of Hib oliginal SARS 



The sequence of the Taqmaa® probe may be oomplementaiy to any region of 
^^'^SJ'sW^ie^lified DNAproduct whose ends are defined by primers C and D. Howev«; the 



15 

probe sequence cannot overlap that of the primers C and D, as this would prevent the 
amplification iieactioii fiom occurring. 

The pr^ent inveadoa also relates to the use of a first and a second purified and 
isolated DNAmolecules in the noianufacture of akit for the detection of SARS 
coronavirus in a biological sample, wherein the KNAmolecule of SARS coronavirus 
is isolate from the biological sanople by an isolating agmt; a target molecule is 
leplicated by a nudetc acid replicating agent inohiding the first and the second 
purified and isolated DNAmolecules, wherein the target molecule includes: 
a nucleic add sequence compLem^tary to at least a portion of the KNA sequence of 
SARS coronavirus; and a nucleic acid sequence for binding to a detection molecule; 
the target molecule as detected by a nucleic acid detecting agent, whecein the nucleic 
acid detecting agent indudea the detection molecule. 

Preferably^ the taiget molecule is a cDNA molecule. The Gist purified and isolated 
DNAmolecule may include a DNA sequence for binding to at least a portion of the 

. _ * 

RNA sequeGQce of SARS coronavirus such that the first purified isolated D!N A 
molecule extends in the presence of an enzyme and DNAnucleotides to generate a 
DNA sequence including a DNA sequence CQmpIementary to at least a portion of the 
RNA sequence of SARS coronavirus when the first purified and isolated DNA 
molecule binds to at least a portion of the cDNA sequence of SABS coronavirus. 

More preferably, the Sx$t DNA sequence may etncodes cither one of the DNA 
sequences set forth in SEQ ID Nos.1. 2. or 3 in coiyuncticn with either one of the 
DNA sequences set forth-in'S£Q*lB*rosi 4, S, or*i^-«*^ *®i**^ 
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Additionally the nucleic acid replicating agent may mcltides a second purified and 



isolated DNA molecule includmg a DNA sequence camplementary to at least a 
portion of the RNAsequence of SARS coronaviius such ftiettHie second pwctRed i 



5 isolated DNAmolecule extends in the presence of an enzyme and DNA nucleotides to 
gen^te a DNA sequence including a DNA sequence encoding at least a poition of 
die RNA sequenge of SARS coronavizus wfaeo the secozid punficd and isolated DNA 
molBciile binds to aDNA molecule includipg a DNA setideiioe cozxq>lemBate[iy to at 
least a pottLom of .tbv RNA sequence of SARS coionavirus. 



More preferabljvflia DNA sequence emcodes either one of Oie DNA sequences set 
forfli in SEQ IDrNosr?, 8, or 9 in conjunction with ather one of the DNA sequences 
set forth in SEQ ID Nos. 10, 11 or 12. The repUcated DNAproduct may be fust 
dUuted prioT toithe-iartber amplification. 



The detectionanolecule may includes a DNA sequence encoding at least a portion of 
the RNA sequence of SARS coionavirus for binding to the tazget molecule; and 
a signal generattxr 



20 The signal generatormay coiiq)iises «□» of the following: fhioiogenic molecule 

molecwlar beacon, another molecule that can be stimulated to emit photons that can be 
detected md quantifiBd m a saitabls detector. Preferebly» the DNA sequence of the 
detection molecule encodes either one of flie DNA sequences set finOi in SEQ ID 
Nos. 13, 14 or 15. 

25 
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The pieseot invratioiL is now illustrated by the followxxig non-Hmittng examples. It 
should be noted fhat vaxions changes and modifications can be qiplied to (he 
fallowing exaniple and processes wr&out departing fiom the scope of this invention. 
Therefore, it should be noted that the following exaiD|il6 diould be interpreted as 
5 illustrative only and not litnitmg hi any s^ise. 



10 The detailed components of the detection kit of this example are listed as follows: 
Box A (Nudeic acid Ssolatiott) 



Box B (Nucleic add ampBficatioii) 
Mastermix (0.5 nd) 

Contains dNTPs with dUTP, HotStaxt Tag DNApolymerase» MgCIi2» Uracil-N- 

* 

20 glycosylase (UNO), and Passive Reference. XING and dUTP work together to preve^ 
the reamplificadon of carryover PCR products. UNG hydrolyses tibe uracil-glycosidic 
bonds at dU-contaimng DNA sites. 

BARS primer (20 pi) 

25 A DNA oligonucleotide complementary to a region of the polymerase gene of the 
coronavinis associated with SARS 

SARS probe (10 }il) 

A DNA oUgonuolcotido complementary to a region of die polymerase gjsms of the 
30 coronavinis associated with SARS and labelled with both a iluoresc^ce emitting 
label and a fLuoiescenoe jaurayjdung^plecule .ta^sr%^ * - 



Example 



Qiagen KNeasy® Mini Kit nucleic acid isolation kit 



15 
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SARS positive control (10 mI) 

A higjily purified and aon-iufectioiis plaszjiid contaizung a portion of the polymerase 
gmo of the cotonaviius associated with SARS 

The materials as Hsted above are intended to be used for SO test reactions. 



Pi:ei>aration of reagents 

acid i 



10 



Prepare sugELcient number ofRNTeasy nuni-cohumis (one per sanqile) as are recnni:ed 



Vreparz suffideat RLT bufiEer (0,4 ml per sample), RWl bufifer (0.7 ml per sample) 
d B buffer (0.5 ml per sanqple) (all provided in the RNeasy kit) as are requited 
and warm gently«to^ioom tenqserature. 



15 Prepare 70% ethanol (0,4 ml per sample) and nucleas6-&e6 water (50 pi per sample) 
as are required and'^wann gently to room temperature. 



Box B (Nucleic acid amplification) 

20 Prepare sufUdent Mastemux^ SARS primei^ SARS probe^ purified nucleic acid 
template (sample) and nuelease-firae \^al6r as are required (see Table 1) and waim 
gently to room tcmpemture. 



25 



30 



Nudeic add extraction (Qiagen RNeasy® Mini Kit) 

1. Mix 0.4 ml sample and 0«4 ml RUTbufTer 

2. Add 0.4 ml 70% effaanol into a tiibe 

3. Add 0.6 ml of llie solution mix into an RNeasy column. Close the tube gently and 
centrifuge for 15s at «--10,000 Kg. Discaid the flow-through in a 2 ml collection 
tube. Repeat step 3. 

4. Add 0.7 ml RWl buffer to the RNeasy column. Close flie tube gently and 
centrifuge for 15s at -10»000 Xg^ to wash the columiL Discard the flow-tbrough 

5. Add 0.5 ml RPE buffer to the RNeasy column and cetttrifage for ISs at -10,000 x 



ioo6797]D xizmmimm^ 
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g. Discard the flow-fiiroiigih. Kqpeai stop 5. 

6. Centrifuge the column Gjt exte^ 2 min at *^10,000 xg 

7. Transfer the RNeasy cohimn to a new IS ml collection tube. Pipet 50 id RNase- 
free water directly onto the silica-gel membrane. Incubate at KT fyr 3 min 

5 8. Elute RNA by centrifuge for 1 min at -10,000 



10 



Nudeic acid amplificatiou 


Initial Step 


SO«C. 2 min 


DNA Polymerase Activation 


95"C, 3-5 mm 


40 Cycles 

* ■ •-. * 


95*C, 30 see 
Stye, 45 sec 
72*0, 15 seo 



Following the first round FCR a portion of tibe product is used as traoplate for further 
amplifLcatlon utilising RT-PCR. 

1 5 Mbc die PGR con^nents in the proporlions described in Table 2. 



Table 2, 
PGR Set-ott 



Component Volume (pJ) 

Nuolease-free water 7. 8 

Masteanix 10 

Primer 0.8 

Plrcbe 0.4 

Template (100 ug) 1 

Total Volume . 20 



20 
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Program the RT-PCR equipment (ABl 7700) with the axapU&ca&an profile Ksted ixi 
Tables. 



Table 3. 

S Real-time POl Profile (ABI PfSm 7700 Sequence Detector) 



Initial Step 


50«C, 2 min 


DNA Polymerase Activation 


95'C, 10 min 


50 Cycles 


95*C. 15 sec 
72'C,lmiii 



The results of SARS corouavirus detection are listed in the following tables. 
The results are con£nned by DNA seqnencing using a P eridn KiTTier ABI 310 G^etio 
10 Analsfzen 



Comparison of different axnplificaiion methods on nucleic acid Samples obtained 
from SABS patients 



15 The results were obtained 1^ attempting to amplify nucleic acid isolated firan various 
patient samples. The samples were obtained Com SARS patieuls and were provided 
by hospitals in Beijing^ China. Each sample was tested by three different methods: 
conventional PGR with c^sarose gel electrophoresis, leal-time Taqman® PCR, and the 
newly described method. 
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table 4: 

Ri^nlts of difTerent amplxfiGatiou. and detection teehnologies 



Sample 
nnmbfir 


Tjf^e of Sample 1 


Convmlional 


Real Time FCR 


Our Method 


Clittica) 
Diagnosis 


1 


Whit© BlaQd Cell 


NEG 




POS 


SARS 


2 


Nasal s^ab | 


NEO 


N£G 


POS 


SAR5 


3 


ThroEitswab 1 


N£G 


NEO 


POS 


SAKS 


4 


Unoatswab \ 


NEO 


NEG 


POS 


SARS 


5 


Sezum 1 


NBG 


NEG 


POS 


SAKS 


6 


Nasal diroat 


NEG 


NEG 


POS 


SARS 


1 


Stool 


NEO 


N£G 


POS 


SARS 


% 


Semm 


NEG 


NEG 


POS 


SARS 


9 


Throat s\yab 


NEC 


NEG 


POS 


SARS 


10 


Urwe 


NEG 


NEG 


POS 


SARS 


11 


Urine 


NEG 


NEG 


POS 


SARS 


12 


Nasal swab 


r NBG 


NEG 


POS 


SARS 


13 


SeooI 


NEG 


NEG 


POS 


SARS 


14 


Sennn 


NEG 


POS 


POS 


SARS 


15 




POS 


NEG 


POS 


SARS 



Result of the sensitivily stady 

Corcoiavirus RNAwas extracted and transcribed into cDNA. Tlie cDNA weis serially 
diluted into and tested by the three methods described in Table 4. 
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Table 5: 
Sen^tiviiy study 





fyfliilinn 




'Dndl T*«mn H/"*!* 

jKvSj lime ruEC 


Uur ifieCAOa 


1 


lOe-1 


POS 


POS 


PO^ 


2 


lOe-2 

^^^^^ 


POS 






3 


lOe-3 

^^^^ 


POS 


POS 


PO<S 


4 


lOe-4 


POS 


PCS 


POS 


5 


lOe-S . 


MEG 


POS 

* 


POS 


6 


lOe-6 


MEG 


POS 


POS 


7 


10©-7 


NEO 


NEG 


POS 




lOe-8 


NEG 


MEG 

• 


POS 


9 


.i.i = lOe-10 


MEG 


MEG 


POS 


10 


lOe-tl 


NEG ; 


MEG 


MEG 


11 


lOe-12 


MEG 


NEG 


MEG 



As shownin, the above example^ it can be realised liiat the detection kit m&y be 
used qonveniently in variotis testing sites. Furflxermore. the detection kit is TOlatively 
easier to use thjan existing meliiods, and may be able to provide the detection results in 
a shorter time» tbe d^^ction results maybe available within three bows if desired. As 



it is a DNA-based detection system, tbe specificily and the sensitivfty may be 
enhanced, the detcctionkit described in the examples are- specific to the SARS 
coronavirus, and the conccntratixm of flie SARS coronavkus in the san^le may no 
longer be important, as the virus will be replicated to a target molecule fer detection. 

Althou^ the preferred embodimrat of fliis invention has been described in 
previous paragraphs, it should be apparent to one skilled in flie art Ihat modifications 



15 aud altcatistivw editious of this iuveutiuxi iiiie pusalble, aniS such moulfioatii 



- — ^ it 

" iuia 



editions are still within the scope of this invention, which is set forth in the following 
claims. In addition, the embodiments of this invention shall not be' 



Testrictively by the examples Or figures only. 
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Claims: 



1. An isolated DNA seqiience compriaing my of SEQ ID Nos 1 to 15. 



5 2. An isolated DNA sequeace as claimed in dmm 1 , consisting of any of SEQ DO 



Nos 1 to 15. 



3- An isoMed DNA sequeace as claimed in claim 1 or2foruseinDNA 
ampliBcatioxL. 

10 

4. Ad isolated DNAsequeoce as claimed in claim 3 for use as apiimer or apiobe, 
wherein the probe may be fluorescmtly labeled 



5. A melhodifor nucleic acid detecticm comprising Hxe stq^s of nncleic acid isolation 
1 5 fbllowed'by DNA amplification and detection by PGR and subsequently Real 

lSmePCR(RTPCR> 



6. The method for nucleic acid diction as claimed in claim 5 vrberein Time 



PCRus^ fhiorescendy labeled probes. 

20 

7. The method as clahned in any of daims 4 to € wherein fbe nucleic add to be 
detected is DNA or cDNA. 



8- The method as claimBd in claim 7 wherein the nucleic add is SARJS coTOnavinis 



25 cDNA. 
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9. Themethodasdaimfidinanyofclaims4to 8 \^4iCTeiiL the method conqjiises the 



fbllcmng steps: 

i) extracting Ihe nucleiQ diad &om a biologloal or eavk 

ii) ampli^dng &e micl eic acid u^g Pdt; and 



1 sample; 



iii) 



iHfying and detecting the nucleic acid prodaced in step (ii) uong Real 



Time PGR. 



10 



10. The inefliod of clain) 9 wlia^in lliere is an additional step aftw 

ttuddc acid obtained is KNA, wherdn flie step comprises convcirting the RNA to 
cDNA. using Inverse tcanscfiptase. - . 



15 



11. The method as claimed in any of claims 4 to 10 wherein primers and/cn- piobes 
are used in stq>s (ii) and (iii). 



12. The method as claimed in claim 11 for the 



coronavinis cDNA. 



wherein the primers and/ or prob^ bind to at least a poition of SAiiS coronavinis 



cDNA. 



20 



13. The method as claimed in claim 12 wheron the primecs andpiohes itted 
correspond to isolated DNA sequeoces con^risLog SEQ ID nos 1 to 15, 



25 



14. The mefliod as claimed in claim 13 wh«eiQ the primers used in st^ (iii) do not 
overly with the probe. 



i 
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1 S. The method as claim^ in claim 13 Wherein fhe prinu^ set xtsed in stop (ii) 
OOiF^ponds to SEQ ID Nos 1^ or 3 and 4, S or 6. 



16. The method as claimed in ddm 13 or 14 whereiix tbe primer set used in step (iii) 
corresponds to SBQ ID Nos 7,8 or 9 and 10, 11 or 12. 



17. The method as claiiued in claim 13 Qrl4 wherein the prolie U3cd in step Qii) 
coire^onds to SEQ ID Nos 13, 14 or IS. 

10 1 8. An isolated DNA sequence as claimed in claim 1 for use in a method of detecting 
a micleic acid. 



19. An isolated DNA sequence for use as claimed in claim 1 8 wherein the nucleic 
acid is the SARS ooionavirus JRNA or cDNA. 

15 

20. Use of the isolated DNA sequences as claimed in ciram 1 in the manu&oture of a 
composition fox use in a method of detection of nucleic acid comprisjbiig the 
steps: 

jv) extracting the nuddc add fiom a biological sample; and 
20 v) ampli^nng the nucleic add using PGR; and 

vi) ampU^riiig and detectmg the nucleic add fcoiu ^t&p (ii) using Real lime 
POL 

21. Use as claimed in claim 20 whcarein fhe nuddc add is DNA or cDNA 
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2i Use as claimed in claim 21 wlieidn the joucleicadd^k 
. cDNA. 



23* Use of a prituCT specific to SARS corouavirus in the manu&cture of a diagnostic 
test Idt for detecting viral infections wheiein the vinas is SARS CGronoTinis and 
the prin)eiB consist of SEQ ID Nos 1 to IS. 



24- A SARS diagoostic test Idt cQmpdsing two or more isolated DNA sequences 
corresponding to S£Q ID Noa. 1 to 15. 



25. A SARS diagnostic test kit as claimed in clafan 24 comprising fhe Allowing 
primer sets 

a) SEQ IDNos 1^2 or 3 and 4^ 5 or 6; aad 

b) SEQ ID Nos 7,8 or 9 and 10, 11 or 12. 



26. A SARS diagnostic test kit as claimed in any of claims 24 or 25 compxising 
proho$ corresponding to S£Q ID Nos 13, 14 or IS. 



27. A diagnostic test kit for detecting SARS eoronavirus in a biok>gLcal or 
20 environmental sample wherein the kit comprises! 

(i) an isolating agent for isolating the SARS coronaviros RNA fiom the 
sample; and 

(ii) a nudeic acid repUcatiTig agent for repIicatLog a target molecule, 
wherein the target molecule includes: a nucleic acid sequence 

25 complementary to at least a portion of the RNA sequence of SARS 



27 

comnavirus; and 

(iii) a nucleic add detectSng agent for detecting the target molecule, 
wherein the nucleic acid detecting agent includes the detection 
molecule. 

28, Akit for detecting SARS ccvrxinsviras w claimed in Claim 27, wherein the 
target molecule is a cD!NA molecule. 

29. A kit for detecting S ARS coronaviius as claimed in Claim 27 or 28, wherein 
the nucleic acid replicating agent include a £u:st purified and isolated DNA 
molecule including: a DNA sequence for binding to at least a portion of the 
RNA sequence of SARS coronaviros such that the first pudfiied and isolated 
DNA molecule extends in the presence of an enzyme and DNA nucleotides 
to generate a DNA sequence including: a DNA sequence complemratary to 
at least a portion of the cDNA sequence of SARS coionavirus when the first 
purified and isolated DNAmolecuIe hinds to at least a portion of the cDNA 
Sequence of SARS corcmavinis. 

30- Akit for detecting SARS coronavinis as claimed in any of Claims 27 to 29, 
wherein the first DNA sequence encodes either one of the DNA sequences 
of SEQ ID Nos. 1, 2, or 3 in conjunction with either one of the DNA 
sequeuces set forth in SEQ ID Nos. 4, 5, or 6. 

31, Akit for detecting SARS coionavxms as claimed in any of Claims 27 to 30, 
wherein the nucleic acid replicating agent indues a second purified and 
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isolated DNAnjoiecule including: a DNA scqoeuce fw binding to at least a 
potti ou of the DNA sequence of S ARS eotonavims produced by a first 
lonnd of amplificaticm such Hat the second purified and isolated DNA 
molecule extends in die presence of an enzyme and DNAnucleotides to 
generate a DNA sequence includins: a DNA se<ju«nc6 complementaiy to at 
least a portion of the cDNA sequence of SARS coronavinis pioduced during 
a first round of ampUfication ^bsa the second purified and isolated DNA 
molecule binds to at least aportion of the cDNA sequence of SARS 
coronavims. 



32. Akitfor<letectingSARScoronaviruaasclaimedinaayofaaiTO5 28to3l, 
whereia the second DNA sequence encodes eiiher one of fte DNA sequences 
set finrthiin SEQ ID Nos. 7, 8, or 9, in coiflunction. wiiii either one of the DNA 
sequeuces set fortih ia SEQ ID Nos. 1 0, 11 or 12. 



33. A kit fi»r detecting S AR5 coronavirus as claimed m any of daims Claim 27 to 
32, viicrcm the repUcatad DNA product is first diluted prior to the farther 
aiuplificadon. 



25 35. 



20 34 Aldt for detecting SARS coronavirus as claimed in any one of Claims 27 to 

33. wherein the detection molecule includes; a DNA sequence encoding at 

* complementaiy to the SNA sequence of SARS coronavirus for 

biiiding to the isigei jDaoIeeale; and a signal gen&ratoac 



Akit as claimed m Claun 34 wherein Ifae DNA sequence of ^e DNAmoIeoulc 



.1 . 
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does not ovedap with the second DNA molecules. 

Apiirified and isolated DNA molecule as daiined in Claim 34 or 35, wherein 
the signal g^erator comprises one of the fbllowiBg; a fiuoxogenio molecule^ a 
molecular beacon^ or another TnolecuJe Ifaat can be stmmlated to Gnit photons 
that can be detected and quantifiled in a suitabLB detector. 

Akit for detecting SARS corbnavirus as claimed in any of Claims 34 to 36, 
wherdn theidetecfion molecale encodes one of the DNA seqaeaicra of SEQ 
ID Nos. 1S,^14 or 1 S. 
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ABSTRACT 

• * ■ 

Thepresent inv«ationi«lates to aproceas fi>r the detection of imdeic adds 
fiom biological samples. The techmqueinvoloves the amplification of iheiuicledc 
acid ofim^ after conversion to cDNA if necessary, by conventional polymerase 
Qhain reaction (PCR) after which the anq,lified nucleic acid i s used as the template fer 
ftrther amplification by the real-time PGR (RT-PCR) technique- This combination of 
amplification procedures increases the senaitivify and Bpedficity of the a^Iification 
comp^ «iih conventional amplification techniques. lUe invention also relates to 
pnm«ts for the use in this method aod a diagnostic test Idt 
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Figure 4 



SEQ ID 1 : ACCAGTCGGTACAGCTACTA 

SEQ ID 2 : GCATTAACTCTGGTGAATTC 

SEQ ID 3 : CTGGTCACCTGGTGGAGGT 

SEQ ID4 : ATTaCCAAGTCAATGQTTAGGGT 

SEQ IDS : TAGACTCATCTCTATGATGG 

SEQ ID6 : TACCAAAGGACATOACCTAC 



SEQ ID7 : CTCTAGTTGCATGACAGCCC 

SEQ IDS : AACACCTGTAGAAAATCCTA 

SEQ IDS : ACTAAGTTAACACCTGTAG 

SEQ ID10 : CCCGCGAAGAAGCTATTCO 

SEQ ID11 : CGTGCGTGQATTQGCTTT 

SEQ 1D12 : CTATTCGTCACGTTCG 

SEQ ID1 3 : TTCGTQCQTQQATTGGCt: 

SEQ ID14 : TAGAGGGCTGTCATGCAACT 

SEQ ID1 5 : ATTQGCTrTGATGTAGAGG 
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